molecular analysis of the material sampled (future work), a checklist of the samples and data at hand widens the faunal and environmental inventory substantially. We suggest some preliminary conclusions on the relationship of Bouvet Island's fauna with that of other regions, such as Magellanic South America, the Antarctic Peninsula, and the high Antarctic Weddell Sea, which have been sampled previously. There seem to be different connections for individual higher taxa rather than a generally valid consistent picture.
Introduction
Bouvet Island is one of the most isolated places on Earth. At 54°26'S, 3°24'E on the Mid-Atlantic Ridge between Africa and Antarctica, south of the Polar Front, it is further from land than any other island. As a result of its position in the principal track of the lows and gales continuously passing around the Antarctic continent and at the northern margin of the Antarctic pack ice, its marine ecosystem has received little attention since its discovery in 1739. Benthic marine fauna in the vicinity of the island was collected on three major expeditions: the ''Deutsche Tiefsee Expedition '' 1898 '' -1899 '' (e.g. Thiele 1904 '' , 1925 Thiele and Jaeckel 1931) , the ''Discovery' ' Expeditions 1926 ' Expeditions -1937 (Powell 1951; Dell 1964) , and the Norwegian Antarctic Expeditions 1927 -1930 (Bergenhayn 1937 Soot-Ryen 1951) , whereas in more recent times the emphasis has been on plankton research (Fevolden 1980; Perissinotto et al. 1992) . The 50 km 2 ice-covered, volcanically active island under Norwegian authority has mainly attracted study because of the unusual geologic and volcanic properties (Furnes and Løvlie 1978) , reflecting its young geological age of just 1 Ma (Prestvik and Winsnes 1981) . What sparse biological information exists refers to the island's rich coastal fauna of seals and seabirds (Haftorn et al. 1981) , its terrestrial vegetation (Holdgate et al. 1968; Engelskjo¨n 1981) , and the physiological cold adaptation of micro-arthropods (Somme 1986 ).
One of the major tasks of the EASIZ (Ecology of the Antarctic Sea Ice Zone) programme of SCAR has been to compare areas of the Southern Ocean influenced by pack ice with those without pack ice cover. Within this programme, considerable data have been assembled from work in and across the Magellan region, the Scotia Arc, the Antarctic Peninsula, and the high Antarctic Weddell Sea (e.g. Arntz and Gorny 1996; Gutt 1997, 1999; Arntz and Rı´os 1999; Gutt et al. 2000; Brey 2001, 2003; . However, up to the cruise reported here, Bouvet Island and its surrounding area remained faunistically almost unknown. Bouvet is particularly important because of its position in the Antarctic Circumpolar Current (ACC) and the Weddell Gyre (Linse 2005; Thatje et al. 2005b) , suggesting a potentially strategic role in the faunal exchange among the various regions and across the Polar Front. Pelagic larvae and drift stages must predominantly be transported eastward by the ACC or by vehicles travelling in it, such as pumice, drifting algae, driftwood, and plastic debris, often over enormous distances (Barber et al. 1959; Coombs and Landis 1966; Helmuth et al. 1994; Beu et al. 1997; O Foighil et al. 1999; Barnes 2002) . However, deep-sea migration of eurybathic species (Brey et al. 1996; Thatje et al. 2005a) , transport via mesoscale eddies (Thatje and Fuentes 2003; Glorioso et al. 2005; Gayoso and Podesta´1996) , or hitch-hiking on migrant megafauna (Barnes et al. 2004) seems to represent the only means of return. There may, however, exist a Weddell Gyre-East Wind Drift connection, in which Bouvet might play a major role. To speculate on the existence of such potential zoogeographic links requires phylogenetic analyses and careful interpretation of the samples by taxon. Our attempt is a synoptic overview on the local marine fauna encountered, which is also a contribution to the understanding and cataloguing of Southern Ocean biodiversity (Clarke and Johnston 2003) .
Work at sea and methodology
Sampling near Bouvet Island (54°26'S, 3°24'E) was carried out on the 24th and 25th of November 2003, and at nearby Spiess Seamount (54°44'S, 0°07'E) on January 11, 2004 (Arntz and Brey 2005) . We used a 1.5 m Agassiz trawl (AGT) with the (10 mm) small, narrowmeshed (1 mm) Rauschert dredge (RD) tied behind it, baited traps, and an UW camera (photosled) (for station data, see Arntz and Brey 2005) . Randomly, 5 l subsamples were taken from the AGT catches for quantitative analysis. At the Spiess Seamount we used a normal (3 m) Agassiz trawl again with an RD tied behind, a stone dredge, and a photosled (for station data, see Arntz and Brey 2005) . In addition to the AGT subsamples, taxonomists randomly collected invertebrate species from the remaining AGT sample on deck, which contributed to the overall assessment of benthic diversity given in this article (Table 2) . CTD casts were performed with a SeaBird 911plus series from the surface to an approximate distance of 1-5 m above the seabed (Fig. 1) .
Faunistic resemblance between stations (pooled AGT and RD data) was measured by Bray-Curtis similarities (Bray and Curtis 1957) of taxon presence and absence data using PRIMER 5 (Clarke and Warwick 2001) . Non-metric multidimensional scaling was applied to resemblance the data to reflect faunistic similarities in a two-dimensional scale.
Preliminary results

Hydrography
Bouvet was mainly surrounded by open water at our sample dates in November, with a number of icebergs and growlers stranded close to the island and occasional large icebergs drifting by. The temperature of surface waters around the island was about À0.6 to À0.7°C (Fig. 2left) , and surface salinity was between 34.1 and 34.2 PSU, with a mixed layer extending to 160-200 m on 24th November but only to about 70 m at the northernmost station on 25th November (Fig. 2right) . Below the pycnocline, warmer and saltier water extended at least to a water depth of 600 m.
Bathymetry and related gear success
The seafloor around Bouvet (four AGT stations, 100-550 m) was not particularly rugged (Fig. 3) . Typically, the volcanic bottom topography was smooth, overlain by a thin layer of coarse sand or lava pebbles (in AGT 3 sample). All four Agassiz trawls were retrieved without damage and successfully caught a variety of benthos ( Fig. 4a-d) . Conversely, the bottom topography at the Spiess Seamount was extremely varied, with steep peaks and crevices. Despite the use of hydrosweep, the net of our second Agassiz trawl was damaged and the RD removed. Our first Agassiz trawl had been retrieved full of stones. For this reason, a stone dredge was then deployed. The photosled yielded full picture transects at both sites (for example, see Fig. 3 ).
Benthic fauna: description and diversity
General description of sites at Bouvet Island and Spiess Seamount
In order to get a preliminary impression of the faunistic diversity at different depth ranges, photographic images were taken either from the AGT catch on board (Fig. 4) or in situ by the photosled (Fig. 3 ; see also Gutt et al. 2005) . The taxonomic composition and ecological importance of taxa in catches at Bouvet based on AGT samples are summarised in Table 1 . In general, echinoderms, in particular ophiuroids, were highly abundant except echinoids, which were almost absent. Compared with the E Weddell Sea (high Antarctic), the structural three-dimensionality of the benthic communities was low partly because of the lack of large sponges that act as raised substrates for other taxa such as crinoids and holothurians. Red macroalgae (Rhodophyta) and hydroids were most abundant at 130 m, erect, flexible cheilostome bryozoans (mainly Austroflustra vulgaris) at 250 m, and some large sponges and gorgonians added complexity to the assemblage at 370 m. Other ecologically important elements at 130 m were serpulid polychaetes, small amphipods (such as caprellids), small pycnogonids, and small notothenioid fish (mostly Lepidonotothen larseni, one L. kempi).
Macrozoobenthic composition based on relative abundances revealed a strong increase of echinoderm dominance (mainly ophiuroids, see Tables 1, 2) with increasing water depth. Polychaetes and arthropods (especially amphipods) dominated the shallower water at 130 m depth (Fig. 5 ), but became less abundant in deeper waters.
The catches of the small RD resembled the AGT ones in larger macrofauna, e.g. echinoderms, but added taxon presence for small macrofauna such as peracarid crustaceans (Tables 1, 2) .
No zoarcid fish or lithodid decapods were caught in waters around Bouvet Island; however, they might as well occur in deeper water. No other reptant decapods were detected and only three caridean (hippolytid) shrimp species and the deep-water shrimp Nematocarcinus lanceopes, typical of the Southern Ocean, were found. Several typical high Antarctic faunal elements were missing, including the large epimeriid and eusirid amphipods, large serolid and Glyptonotus isopods, large pycnogonids, muricid and kelliid molluscs, and, with one exception, large polynoid and aphroditid polychaetes. Isopods were rare and most of them (except Antarcturus) were very small.
Systematic diversity assessment
The collected benthic taxa were separated by class and sent to specialists for further taxonomic identifications. The following represents the species and diversity assessments given the latest stage of identifications (Table 2) .
Porifera The collected sponges were dominated by hexactinellids and demosponges, and one calcareous species of the order Clathrinida was collected. At the moment, Calcarea are accounted as rare in Antarctica with only a few described species. The species Tedania (Tedaniopsis) tantula and Tentorium sp. were found at two sites whereas the other four species (Mycale (Oxymycale) acerata, Polymastia invaginata, Pseudosuberites sp., and Cnidaria The dominant cnidarian class was anthozoans and within them actininans while hydrozoans were present but rare. Prior to the current sampling reported in this series of articles on Bouvet Island's marine fauna, just five species of actinians were known from Bouvet waters. Ten species are added now, which still need to be identified to species level, increasing the number of known actinians for the region to 13 species. The actinian species/morphospecies found at Bouvet Island and Spiess seamount show biogeographic affinities with both Subantarctic South America and the high Antarctic Weddell Sea fauna. About 40% of actinian species found show a circum-Antarctic distribution. Scleractinia and octocorals, such as Ascolepis sp., Thouarella sp,. and Primnoella sp., were present and the latter common at stations between 250 and 380 m. Nemerteans Nemerteans were rare in the samples and only one, red coloured, yet unidentified species was found.
Annelida-Polychaeta The polychaete material obtained from the AGT subsamples revealed 14 species, which have been identified so far at the genus level only. The genera found indicate that the Bouvet polychaete fauna may show biogeographic affinities with both Subantarctic South America and the Weddell Sea fauna. Only one undetermined Harmothoe polychaete was found in the Spiess Seamount samples (Table 2) .
Mollusca Molluscs belong to the more species-rich group, with 25 shelled and 7 non-shelled species of gastropods, 12 species of bivalves, 3 species of polyplacophorans, and 1 species of solenogastre (Aplacophora). The species composition of the shelled malacofauna is described in detail by Linse (2005) . Nudibranchia, not reported before, include the circum-Antarctic species Austrodoris kerguelensis, Notaeolidia depressa, Tritonia challengeriana, and T. dantari sp. n. (for description, see Ballesteros and Avila 2005) as well as undescribed species of Doto sp. and Cuthona sp..
Chelicerata-Pycnogonida
Four species of sea spiders were found at Bouvet Island, of which Nymphon australe with five male and four female collected specimens was most abundant (as occurs in high Antarctic areas). Both sexes of Colossendeis robusta were also collected while only one male of Pallenopsis hodgsoni and two juveniles of Ammothea carolinensis were found. C. robusta and P. hodgsoni are reported here for the first time for Bouvet Island.
Crustacea-Malacostraca Amphipoda. One baited trap deployment and four trawling and dredging operations around Bouvet Island allowed the collection of about 1,200 specimens of amphipod crustaceans, attributed to more than 60 amphipod species (Table 2) . Previously, only five benthic amphipod species were known from the area. Among these 60 species, 1 genus and 14 species belonging to the families or superfamilies Eusiroidea (1 sp.), Iphimediidae (2 spp.), Liljeborgiidae (2 spp.), Lysianassoidea (1 genus, 3 spp.), and Stenothoidae (6 spp.) appear to be new to science (Rauschert 2005) . The species of Lysianassoidea, Abyssorchomene plebs and Abyssorchomene sp., and Orchomenopsis sp. were found in the baited traps only. The biogeographical affinities of the Bouvet amphipod fauna, as presently known (on the basis of 52 fully identified species), appear to be strongest with the West Antarctic fauna (Antarctic Peninsula and Scotia Arc, including South Georgia): 36% of Bouvet species also occur in the West Antarctic and 14% are present in South Georgia. The species share with the East Antarctic fauna amounts to 29% and with the Weddell Sea alone to 18%.
Isopoda. The 13 isopod species/morphotypes distinguished so far mainly represent the Weddell Sea fauna and thus support a strong biogeographic relationship with the high Antarctic (Table 2) .
Decapoda. Decapod crustaceans were rare around Bouvet, with only three hippolytid shrimp species found in single specimens (Table 2 ). Whereas two species so far appear to be unknown to science and require further taxonomic analyses, the single record of Nauticaris marionis, commonly known from waters around Marion Island, extends the distribution of this species south and across the Polar Front (see Gorny 1999) . Nematocarcinus lanceopes is a typical deep-water to deep-sea shrimp of the Southern Ocean. Its presence at the Spiess Seamount clearly extends its distribution northwards (Table 2) . Paralomis elongata sp. n. (Spiridonov et al. 2005 ) is the only anomuran crab found at the Spiess Seamount. Its presence not only in a few trawls, but also on the underwater images, indicates this stone crab to be an important faunistic element of the seamount benthos (Fig. 3 , Table 2 ).
Bryozoa A total of 18 species of cheilostomes were collected at the four sites of which only four had been reported before. Next to the 14 new species records, 8 genera were reported for Bouvet Island for the first time (Barnes 2005) .
Echinodermata Most echinoderm species found remain for further determination to species level. Crinoids and echinoids have been very rare in our samples, especially echinoids were represented by single specimens only; holothurians occurred in dense patches at station PS65/ 024-1, at about 250 m water depth (Fig. 3 ). Asteroidea were found at all stations (at Spiess Seamount from underwater images mainly; Figs. 3, 4) . Ophiuroids by far outnumbered any other taxon found in our samples, including at Spiess Seamount (Figs. 3, 4) .
Ascidiacea Ascidians were poorly represented in the samples with 17 specimens (solitary and colonial organisms) comprising seven species (Table 2) . Previously, only four species were known from Bouvet Island (Michaelsen 1904; Millar 1960 Millar , 1968 Kott 1969; Monniot and Monniot 1983) : Polyzoa opuntia, Cnemidocarpa verrucosa, Pyura bouvetensis, and Molgula pedunculata. Three new records have contributed to enlarge the Bouvet's fauna: Aplidium bilinguae, A. falklandicum, and Tylobranchion speciosum. Nevertheless, the ascidian fauna at Bouvet remains poor with only 7 species known so far, in comparison to >50 spp. from other Subantarctic islands (such as South Georgia and Kerguelen Islands). From a biogeographical point of view, Bouvet's ascidiofauna participates from species with a wide Antarctic-Subantarctic eurybathic distribution (A. falklandicum, T. speciosum, C. verrucosa, P. bouvetensis, and M. pedunculata) and a littoral Subantarctic component (P. opuntia). A. bilinguae has been previously recorded from the Antarctic continent (Wilkes' Land) and the island of South Georgia (Monniot and Monniot 1983) .
Demersal fish At Bouvet Island the nototheniid L. larseni was highly abundant and the only species found between 130 and 250 m water depth. In one haul at 370 m a single individual of Lepidonotothen kempi was caught besides L. larseni. Since both species are common constituents of the southern Scotia Arc fauna, dispersion via larval drift within the Circumpolar Current is very likely. The data collected by AGT and RD at the same stations (Table 2) were pooled for the diversity and multidimensional analysis. The combined taxon presence data show that station PS65/028-1 was the most taxon rich (98 spp.), followed by PS65/029-1 (90 spp.) and PS65/019-1 (76 spp.) ( Table 2 ). The multivariate analysis of the Bray-Curtis similarity (Bray and Curtis 1957) , based on the presence/absence, showed clear patterns of benthic communities (Fig. 6) . The two samples from the Spiess Seamount group together and far apart from the Bouvet samples. Of the four stations collected on the Bouvet shelf, PS65/019-1 and PS65/029-1 group closely together, whereas PS65/020-1 and PS65/ 028-1 plot apart from any station.
Discussion
In some taxa the number of species known for Bouvet Island increased substantially. Notable examples were the benthic amphipods (from 5 to 62 spp., of which at least 7 were new to science; see also Rauschert 2005a, b) , the molluscs (from 16 to 45 spp.; see Linse 2005) , and the bryozoans (from 20 to 34 spp.; see Barnes 2005) . If these findings are representative of other taxa, such steep increases suggest that a major reason for the impoverished fauna lists for Bouvet's surrounding waters is undersampling rather than isolation or geological youth. Only when species accumulation curves start approaching asymptote, can strong conclusions about the biodiversity or biogeography of the area begin to be drawn. Gauging the richness and particular taxa presence at isolated, young rises such as Bouvet and Spiess is very useful as some (such as peracarid crustaceans, most bryozoans, and molluscs) do not disperse easily, having effectively benthic or brooded larvae. By comparing the number of colonist taxa with their larval strategy types and allowing for the nearest known localities, we can get a much better picture of how colonisation of the many islands surrounding Antarctica has occurred. Existing data, prior to species asymptotes, enable some useful insight, however, into the relative rate of finding species new to Bouvet versus those new to science. Bouvet Island is very young to have many endemics but conversely is very isolated, which promotes endemism.
In contrast to Bouvet, Agassiz trawls at the Spiess Seamount (570 m) yielded very little material. Samples did, however, include three specimens of a lithodid decapod, one of which was an egg-carrying female with prezoeae close to hatching (Paralomis elongata n. sp.; Spiridonov et al. 2005) . Furthermore, five deep-sea carideans (Nematocarcinus lanceopes) were collected, at their most shallow depths known to date (Gorny 1999) .
The biogeographic relations of the deeper shelf fauna around Bouvet were compared with those of high Antarctic, Antarctic Peninsula, and Magellanic samples taken during previous Polarstern cruises. We did not consider nearshore shallow water and deep sea due to lack of sampling from these areas. The general composition of the Bouvet fauna known to date is more similar to Magellanic South America rather than the high Antarctic region. Affinities of the motile peracarids and the molluscs (except for nudibranchs) had most linkages with the faunas of the Antarctic Peninsula and the Scotia Arc. Such a distribution could well be explained by the transport of adults, larvae, and drift stages via the West Wind Drift/Circumpolar Current (see also Gutt et al. 2005) .
Some taxa may show considerable eurybathy; we found the gastropod Calliotropis (Solaricida) antarctica at 270 m, but it had previously been found at 775 m on an ANDEEP cruise and at 2,700 m at the Antarctic Peninsula (Linse et al. 2003) . Those taxa more closely related to the high Antarctic fauna, such as the nudibranchs, hydrozoans, gorgonians, and ascidians, might have dispersed to Bouvet Island via the Weddell Gyre. The decapods of the Bouvet/Spiess region reveal both Scotia Arc relations (lithodids, hippolytids) and Weddell Sea affinities (N. lanceopes). We suggest that, except for the hippolytid decapods, colonisation may have (Thatje et al. 2005a) . Of the fish, the two Lepidonotothen species are characteristic species of the Scotia Arc (e.g. Kock and Stransky 2000) , but juveniles of L. kempi were also found in the E Weddell Sea. It is unknown whether the different populations have maintained active exchange. Material of other taxa is currently under analysis by specialists, who may be able to suggest most likely respective affiliations. Some of these biogeographic (and possibly, phylogenetic) relationships will be further elucidated after the analysis of the large material to be subjected to molecular genetic techniques at the home laboratories. It should also be mentioned that both waters off Bouvet Island and Spiess Seamount have been fished in the past and therefore the benthos may have been impacted. Thus, the effects of altered benthic communities on this biogeographic analysis remain uncertain.
